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OPTICAL MONITORING SYSTEM WITH
MOLECULAR FILTERS

de?ned by a single atom, molecule, or compound. If the
?lter’s absorption spectrum is included in the sample’s
absorption spectrum, then the sample is determined to

CROSS-REFERENCE TO RELATED
APPLICATIONS

contain that atom or compound. The apparatus includes a

sWitching assembly that sequentially places one or more
?lters into the light path to determine if the subject atom or

compound is contained in the sample.

This application claims the bene?t of Provisional Appli
cation Ser. No. 60/589,463, ?led Jul. 20, 2004.

In one embodiment, the sWitching assembly includes a
l><N sWitch distributing an optical signal to one of several
?lters With each ?lter monitored by a photodetector. In

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

another embodiment, the sWitching assembly includes a ?rst
l><N sWitch distributing an optical signal to one of several
?lters. The outputs of the ?lters are input to a second l><N
sWitch that sWitches the signals from the ?lters to a single

Not Applicable
BACKGROUND OF THE INVENTION

photodetector. In still another embodiment, the sWitching
assembly includes a rotary sWitch that directs the optical
signal through one of several ?lters and into a photodetector.
In one such embodiment, the optical signal is directed
through a rotating prism, through stationary ?lters that are

1. Field of Invention

This invention pertains to an optical monitoring system.
More particularly, this invention pertains to an optical moni
toring system that compares an absorption spectrum of a
?lter With that obtained from a sample or specimen. The
system uses a switching assembly enabling a plurality of
?lters to be used for the comparison.
2. Description of the Related Art
It is desirable to identify chemical and biological agents

20

located radially around the prism, and into the photodetec
tors on the opposite side of the ?lters. In another such

embodiment, the optical signal is directed through each of
several ?lters mounted on a rotating disk. The ?lters rotate

around a stationary prism and intercept the optical signal as
25

it travels from the prism to a photodetector.

and other constituents in fast moving streams or in remote

locations Where the material to be examined is moving

quickly. Examples Where such identi?cation is desired
include fast moving streams of Water, gas and materials, for
instance, examining ?oWs of milk for biological agents such

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

as botulism and fast moving streams of Water such as in

The above-mentioned features of the invention Will
become more clearly understood from the folloWing detailed

municipal Water supplies, Where one can identify multiple

description of the invention read together With the drawings

chemical and biological agents of interest. In all these cases,

in Which:
FIG. 1 is a simpli?ed block diagram of one embodiment

30

successful interrogation requires the very quick identi?ca
tion of a number of predetermined constituents.

35

The sensing of spectral absorption, re?ection, transmis

of the present invention;
FIG. 2 is a block diagram of another embodiment of the

sion and diffraction as a function of Wavelengths, bandpass,
and other spectral energy measurements alloWs for identi

present invention;

fying both the geometry and composition of materials.
Modern hyperspectral imaging (sensing at many Wave
lengths simultaneously) is able to collect extraordinary
amounts of information at amaZing speed. HoWever, reduc
ing the data from physical ?elds of signal values to high
level, useful information is di?icult. Integrated computa
tional imaging (ICI) is a process in Which image information

present invention; and

FIG. 3 is a schematic diagram of one embodiment of the
40

FIG. 4 is a schematic diagram of another embodiment of

the sWitching mechanism.
DETAILED DESCRIPTION OF THE
INVENTION
45

is encoded as it is sensed to produce information better

FIG. 1 is a simpli?ed block diagram of one embodiment

suited for high-speed digital processing. Both spatial and

of an optical monitoring system 10, an apparatus for deter
mining the constituents of a sample. A light source 102 is

spectral features of samples can be encoded in ICI. When

hyperspectral images are simultaneously obtained and
encoded at many different Wavelengths, the process is called

50

hyperspectral integrated computational imaging (HICI).

118 and into an optical detector 120. The output of the
optical detector 120 is input to a processor 122.

In many cases, it is desirable to inspect and quantify only
preselected constituents in areas not easily accessible by

In one embodiment, the light source 102 is a broad

ordinary sampling means. Physically extracting a sample
can be di?‘icult When exposing the sample to ordinary
inspection means such as visual and laboratory analysis
because these analyses can destroy the sample. In other
cases, such inspection must be done in situ along With other

passed through a specimen 104. The light beam, after
passing through the specimen 104, passes through a ?lter

55

spectrum source, that is, the spectrum is continuous. In one
such embodiment, the source 102 includes a tungsten ?la
ment. In another embodiment, the light source 102 is either
a tunable laser or a laser emitting a continuous spectrum

betWeen upper and loWer Wavelength limits. In still another

processes.
60

embodiment, the source 102 includes a broad-spectrum
source and a band gap ?lter, Which is an optical ?lter that

selects certain spectra for passage, and rejects others. The
light source 102 is then passed through an image ?eld of the

BRIEF SUMMARY OF THE INVENTION

According to one embodiment of the present invention, an

specimen 104, Which is examined by the light from the

optical monitoring system for determining the constituents

source 202 as a function of the specimen’s 104 re?ection,

of a sample or specimen is provided. An absorption spec
trum obtained from a sample, or specimen, is passed through
one or more ?lters having a speci?ed absorption spectrum

65

absorption, transmission, or diffraction Within the ?eld.
The specimen 104 absorbs certain Wavelengths of the
light from the source 102 and produces an absorption

US 7,251,032 B2
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spectrum. In an absorption spectrum, portions of a continu

skilled in the art will recogniZe that the processor 122

ous spectrum (light containing all wavelengths) are missing
because they have been absorbed by the medium through
which the light has passed; the missing wavelengths appear

includes an input component, an output component, a stor

age component, and a processing component. The input
component receives input from external devices, such as the
optical detector 120. If the external devices, such as the
optical detector 120, have an analog device, in one embodi
ment, the input component includes an analog to digital
converter (ADC) for converting the analog input signal to a
digital signal used by the processor 122. The output com

as dark lines or gaps when viewing the absorption spectrum.
This is contrasted with an emission spectrum, which consists
of all the radiations emitted by atoms or molecules of an

incandescent material. The missing portions of an absorp
tion spectrum provide information as to the makeup of the

specimen 104 because the missing portions correspond to

ponent sends output to external devices, such as a display
unit and a printer. The storage component stores data and
program code. In one embodiment, the storage component
includes random access memory. In another embodiment,
the storage component includes non-volatile memory, such

the constituents of the specimen 104 that absorb the missing

wavelengths.
In one embodiment, the ?lter 118 is a molecular ?lter, or

molecular absorption ?lter, that is, a ?lter with such a
construction that it produces an absorption spectrum based

as ?oppy disks, hard disks, and writeable optical disks. The
processing component executes the instructions included in
the software and routines.

upon a single atomic element or molecule. From the incom

ing light source 102 the molecular ?lter 118 absorbs the

spectral lines that correspond to the absorption spectrum of

FIG. 2 is a block diagram of another embodiment of an

the ?lter’s 118 material. Another characteristic of the ?lter

optical monitoring system 10'. A light source 102 passes
through a specimen 104. The resulting light beam, which is

118 is the transmittance, that is, the amount of light that is
transmitted through the ?lter 118. Transmittance is typically

20

the absorption spectrum of the specimen 104, passes through
a l><N switch 116 that directs the light beam through one of

expressed as a percentage. A lower transmittance results in
a greater intensity reduction over the spectrum. That is, a
lower transmittance results in a lower light intensity at the

output than at the input.
Placing a molecular ?lter 118 in the light path containing
an absorption spectrum from the specimen 104 will have
either of two results. If the material producing the absorption
spectrum of the ?lter 118 is contained in the specimen, then
there will not be a reduction of the light passing through the

several pairs of ?lters 118 and detectors 120. By operating
the switch 116 to select each of the ?lters 118A, 118B, 118C
25

screened for containing one of the materials represented by
the molecular ?lter 118. If the specimen 104 is a ?owing or

30

?lter 118, other than that due to the ?lter transmittance. The

?lter 118 does not reduce the light intensity because the
absorption spectrum of the ?lter 118 has all its elements in
common with the absorption spectrum of the specimen 104.

However, if the material producing the absorption spectrum

sequentially in rapid succession, the specimen 104 is quickly

35

moving material, the illustrated embodiment allows for
real-time monitoring and screening of the specimen 104 for
speci?c materials. In such a case, the switching speed of the
switch 116 is such that the absorption spectrum from the
specimen 104 that is monitored represents a small volume of
the ecimen 104, but that volume is monitored with such a
frequency that the results that are returned are representative
of the real-time concentration of constituents of the speci

of the ?lter 118 is not contained in the specimen, then there
will be a reduction of the light passing through the ?lter 118.

men 104.

The reduction in the intensity of light passing through both

shown as a 1x3 switch. Those skilled in the art will recog
niZe that the number of ports on the switch 116 must be at
least as great as the number of ?lters 118 desired to be used.
In one embodiment, one of the ?lters 118A is a neutral

In the illustrated embodiment, the l><N switch 116 is

the specimen 104 and the ?lter 118 is due to the ?lter 118

absorbing wavelengths passed by the specimen 104. In this

40

embodiment, the photodetector 120 is responsive to the
wavelengths of interest, that is, the photodetector 120 is

density ?lter that passes the complete spectrum. The output
signal of the neutral density ?lter 118A provides a reference

sensitive to the light intensity over a wavelength range that

encompasses the absorption spectra containing the informa
tion used to determine the constituents of the specimen 104.

to compare to the output signals of the other ?lters 118B,
45

The sensing and characterizing of spectral absorption,
re?ection, transmission, and/or di?fraction with regard to
wavelengths, bandpass gaps, and other spectral energy of

of a specimen 104 is performed by a molecular factor

various characterizations allows identi?cation of both the

geometry and composition of materials within those ?elds of

50

spectral absorption, re?ection, transmission, and/or diffrac
tion.
As used herein, the processor 122 should be broadly
construed to mean any computer or component thereof that
executes software. The processor 122 includes a memory

118C. In various other embodiments, one or more ?lters 118

is a single or cascaded Bragg grating or a thin ?lm ?lter.
Identi?cation of a number of constituents non-invasively

computation system (MFCS) or a principal component
analysis (PCA) for each constituent where each MFCS or
PCA is quickly switched by an optical switch 116 through
and out of an optical ?ber, allowing a variety of constituents
to be interrogated within a very short period. For each

55

preselected constituent, a molecular factor component
(MFC) can be quickly calculated using an optical switch

medium that stores software, a processing unit that executes

116, molecular factor ?lters 118, and single optical ?bers,

the software, and input/output (I/O) units for communicating

allowing a variety of constituents to be interrogated with a

with external devices. Those skilled in the art will recogniZe
that the memory medium associated with the processor 122
can be either internal or external to the processing unit of the

very short duty cycle.
Integrated computational imaging (ICI) is the abstraction
60

of data from physical ?elds and encoded instream to produce

processor without departing from the scope and spirit of the
present invention.

meaningful information. Both spectral and spatial data is
recorded and encoded into meaningful information. Further,

The processor 122 should be broadly construed to mean
any computer or component thereof that executes software.
In one embodiment the processor 122 is a general purpose

the use of very wide spectrum or wavelengths, or wide

computer, in another embodiment, it is a specialiZed device
for implementing the functions of the invention. Those

bandgaps, called hyperspectral integrated computational
65

imaging (HICI), provides the basis for using molecular
?lters 118 for near instant identi?cation of constituents, or

materials, pre-selected by the ?lters 118. Such information,

US 7,251,032 B2
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in various embodiments, is a function of transmission,
re?ectance, diffraction, or absorption of the source 102 by

broad Wavelength range. One or tWo molecular ?lters 118
are oftentimes suf?cient to produce a detector voltage that is

the specimen 104 being interrogated.

proportional to an analyte concentration in the image ?eld.

Lenslet arrays, masks, ?lters, and detectors of various
types are employed to encode spatial or spectral features of

Each ?lter 118 is a correlate for identifying a material of
interest, be it a biological agent or a chemical entity.
MFC computing molecules for the molecular ?lters 118

an HICI. Both MFCS and PCA are used to create spectrom

are selected by comparing the spectrum of prospective ?lter
materials to the loadings spectra calculated by PCA. Given

eter functions that produce factor scores, in the case of

MFCS at the detector, Which alloW, in combination With
optical sWitches, the rapid remote interrogation for a number
of factors.
Given a set of training spectra collected at all available

a set of training spectra collected at all available Wave
lengths, or at least those of interest for the molecular ?lter

system being considered, one rationally selects molecular

Wavelengths, it is possible to rationally select molecular
?lter (MF) materials to perform PCA, Which maximizes the
signals from the spectral regions With the most variability by
most heavily Weighting them in calibration. HoWever, prin

?lter 118 materials to perform PCA. PCA is designed to

maximiZe the signals from the spectral regions With the most

variability by most heavily Weighting them in calibration.
The spectrum of the ?lter materials should be as similar as

cipal component loadings heavily Weight signals in the
positive and negative direction, Which cannot be done With
molecular ?lters Without offsetting signal gained at one
Wavelength With signal lost at another Wavelength. Because
only absolute values are represented With molecular ?lters,

possible to the absolute value of the loadings spectrum being
targeted. Using a conventional spectrometer, mixtures of
liquid molecular ?lters are titrated to produce the optimum
PC result. In one embodiment, digital libraries of the spectra
20

of a Wide variety of candidate ?lters are examined in

tWo molecular ?lters are needed for a principal component,

reference to the training spectra by image recognition soft

one for the positive loadings and one for the negative
loadings. The molecular ?lter materials are selected by

Ware.

examining the sample spectra. The transmission spectrum of

provides a good averaging effect that produces a model less
susceptible to spectral noise. Both PCA and MFC are

the molecular ?lter material is as similar as possible to the

Using more Wavelengths or a broadband light source
25

absolute value of the loadings spectrum being targeted.

calibrated to measure constituents of interest While ignoring

most interferences, and both are applied to complex analysis
and systems because only calibration information on the

Both PCA and MFC are used to create spectrometer

functions that produce factor scores. HoWever, only MFC
completes PCA at the detector Without a computer, Which

alloWs, through optical sWitches, the rapid remote interro

30

several factors, including the differences in the specimen
constituents, interactions betWeen constituents, and overall

gation of a sample for a number of factor scores. The

molecules in each molecular ?lter effectively compute the
calibration function by Weighting the signals received at
each Wavelength over a broad Wavelength range. Each
molecular ?lter is a correlate for identifying a material of
interest, be it a biological agent or a chemical entity.
The MFC computing molecules are selected by compar

ing the spectrum of prospective molecular ?lter materials to
the loadings spectra calculated by PCA. Given a set of
training spectra collected at all available Wavelengths or at
least those of interest for the molecular ?lter system being
considered, one rationally selects molecular ?lters materials
to perform PCA. Using a conventional spectrometer, mix
tures of liquid molecular ?lters can be titrated to produce the
optimum PC result. Digital libraries of the spectra of a
variety of candidate ?lters can be examined in reference to

constituents of interest is necessary and considered.
Variations in the spectrum from a sample 104 are due to

absorbance. In molecular computing, the molecular ?lters
are selected to maximiZe the integrated differences in the
35

variation-spectra Within a certain bandpass. In PCA, the
variation-spectra are used in place of the raW spectral data
for constructing the calibration model. The variation spectra
are used to reconstruct the original spectrum of a certain

sample by multiplying each variation-spectrum by a unique
40

constant scaling factor and summing the results until the

45

neW spectrum agrees With the unknoWn spectrum. The
fraction of each spectrum that must be added to reconstruct
the unknoWn spectral data is associated With the concentra
tion of the constituents.
In PCA, the spectra of the variations are termed eigen

vectors, or loadings, spectral loadings, loading vectors, or

the training spectra by spectral matching softWare.

principal components or factors, based on the means used to

Increasing the number of Wavelengths in calibration and
prediction increases the speci?city and produces a model
less susceptible to spectral noise if the right Wavelengths and

compute the spectra. Eigenvectors are related to loadings.
The scaling factors employed to reconstruct the individual
50

spectra are called scores. Ordinary spectroscopy and PCA
chemometrics record signals With a narroW bandpass at each

Weightings are selected. Both PCA and MFC are calibrated
to measure constituents of interest While ignoring most

Wavelength and Weights the signals a at each wavelength 7»

interferences, and both are applied to analysis of complex

With a coef?cient f:

systems because only calibration information on the con
stituents of interest is necessary and considered.

55

A molecular factor computation system (MFCS) differs
from PCA in that molecular absorption ?lters provide infor

It is possible to Weight each Wavelength in a spectrum
optically using the absorbance spectra of ?lter molecules.

mation relating to the spatial and spectral features of an HICI

The scores are determined by reading a voltage level from

a photodetector and integrating the total light through the

and are used as mathematical factors in spectral encoding to

create a factor analytic optical calibration in a high through
put spectrometer. Also, PCAis sloWer than MFC, Which uses

60

suf?ciently close to permit chemical analysis.

molecular ?lters that correspond directly to sample constitu
ents. Molecular absorption ?lters 118 are used as mathemati

cal factors in spectral encoding to create a factor-analytic
optical calibration in a high-throughput spectrometer. The
molecular ?lters 118 compute the calibration function by
Weighting the signals received at each Wavelength over a

sample and ?lter over a broad Wavelength band. Although
the scores may not be perfectly orthogonal, they are often
The speci?c use of MFCS in combination With one or

more optical sWitches 116 uses optical ?elds for the inter
65

rogation and identi?cation of pre-selected chemical and
biological agents and constituents. In one embodiment such
as illustrated in FIG. 1, MFCS provides a very quick

US 7,251,032 B2
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identi?cation of one element or constituent of the specimen
104. In another embodiment, such as illustrated in FIGS. 2
and 3, the use of a sWitch 116 increases the reliability of each
identi?cation, as Well as the very quick identi?cation of

the specimen 104 must be great enough to overcome the

light losses of the optical splitter.
The sWitching speed of the sWitching assembly 312, 312'
is dependant upon several factors, such as the rate of change
of the specimen as it moves through the light beam 302, the

many pre-selected constituents of the specimen 104.
FIG. 3 is a diagram of one embodiment of the optical
monitoring system 10'. The light source 102 directs a light
beam 302 though a pipe 316 that contains the specimen 104

rate at Which the sWitch 116 can select each of the ?lters 118,

the number of ?lters 118, and the response time of the
photodetector 120. In one embodiment, the sWitching
assembly 312 has a cycle time of 50 milliseconds, that is, the
sWitch 116 changes state in 50 ms, Which is substantially
greater than the response time of a typical photodetector

to be analyZed. The light beam 304 that has passed through
the pipe 316 includes the absorption spectrum of the speci
men 104. The light beam 304 is collected and focused by a
lens 318 and directed into a collimator 306. A ?ber optic

120. High speed photodetectors are readily obtainable With

cable 308 transports the light beam 304 from the collimator
306 to a sWitching assembly 312. In the embodiment illus
trated, the sWitching assembly 312 includes a 1><N sWitch
116 that has a single input from the ?ber optic cable 308 and

response times on the order of 5 nanoseconds or less. In one

embodiment, the sWitching assembly 312 includes a rotary
sWitch that operates at 120,000 RPM. Such a rotary sWitch
With one revolution not having any ?lters 118 duplicated has
a sampling rate of 2000 samples per second. If the rotary

multiple outputs, each one to a ?lter 118A to F. The light
passes through each ?lter 118A to F into a corresponding

sWitch includes duplicate ?lters 118, the sampling rate

photodetector 120A to F. The outputs of the photodetectors
120 are monitored by a poWer sensor 314 that determines the

20

intensity of the light beam 304 after it passes through the
?lter 118. In one embodiment, the photodetectors 120 are

responsive to the intensity of the light over the Wavelength
band of interest.
In one embodiment, the poWer sensor 314 is implemented
by softWare running on the processor 122. In one embodi
ment, the analog signals from the detectors 120 are con

25

verted by an analog to digital converter (ADC). The soft
Ware reads the input ports and stores the values
corresponding to the outputs of the detectors 120. In another
embodiment, the detectors 120 include ADCs that output

digital signals that are input to the processor 122.
In the illustrated embodiment, the specimen 104 ?oWs
through a pipe 316 that is transparent to the Wavelengths of
the light beam 302. In another embodiment, the specimen

30
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increases based on the number of duplicate ?lters 118. For
example, a rotary sWitch With 21 ?lters 118 arranged as three
sets of seven ?lters 118 has a sampling rate of 6000 samples
per second With the sWitch rotating at 120,000 RPM.
The specimen 104, in various embodiments, is a liquid or

gas through Which a light beam 302 is capable of passing. In
one embodiment, the specimen 104 is milk and the ?lters
118 are selected to detect impurities and/or contaminates in
the milk. Because of the opacity of milk, the pipe 316 or
other ?uid chamber is selected to minimiZe the distance the
light beam 302 must travel through the milk, thereby ensur

ing that the light beam 304 With the milk’s absorption
spectrum has the greatest possible intensity. In another
embodiment, the specimen 104 is Water, such as that from a
municipal Water supply. In this embodiment, Water is less
opaque then milk, and, accordingly, the light beam 302 can
travel through a greater volume than With milk. Anti

104 is contained in a vessel With a pair of optically trans

terrorism assessments have concluded that there should be

parent WindoWs. In still another embodiment, the specimen
104 is introduced into the light path from the light source

concern and monitoring of municipal Water supplies for
approximately tWo doZen chemical and biological agents.
In another embodiment, the light source 102, conditioned
by a bandpass ?lter, is directed rapidly by an optical sWitch

102 at any point betWeen the light source 102 and the
detectors 120.
FIG. 4 is a diagram of another embodiment of the

40

or optical array through a number of optically correct tubes

sWitching assembly 312'. In this embodiment, the ?rst 1><N
sWitch 116A directs the light beam 304 from the specimen

or passages and a molecular ?lter 118 into a photodiode 120.
Each of these tubes carries a specimen 104 as a stream of

liquid or gas and is examined by a speci?c molecular ?lter

104 to a selected one of the ?lters 118A to F and the second

1><N sWitch 116B receives the light beam 304 after it passes
through selected one of the ?lters 118A to F and passes it to
a single photodetector 120. In the illustrated embodiment of

45

through a sWitch 116 or array and the stream of Water or gas

the sWitching assembly 312, a single detector 120 is used
and the tWo sWitches 116A, 116B are synchroniZed to select
the same single ?lter 118A to F.

is divided among the multiple passages, the examination
occurs rapidly.
50

In another embodiment, the sWitching assembly 312'
includes a rotary sWitch that directs the optical signal 304

?lters is implemented, in one embodiment, by a 1><N optical
sWitch 116. In one such embodiment, the optical sWitch 116

120. In one such embodiment, the optical signal 304 is
55

passing through the at least one ?lter is implemented, in one
embodiment, by the detector 120. In one embodiment, a
single detector 120 is in optical communication With a N><l

another such embodiment, the optical signal 304 is directed
60

intercept the optical signal 304 as it travels from the prism

the optical signal 304 to several ?lters 118. In this embodi
ment, the light source 102 intensity and the transmission of

optical sWitch 116B that has its inputs in optical communi
cation With a plurality of ?lters 118. In another embodiment,
each ?lter 118 is in optical communication With a detector
120.

to a photodetector 120.

In another embodiment of the optical monitoring system
10', the sWitching assembly 312, 312' includes an optical
splitter instead of the sWitch 116. The optical splitter directs

is a rotary sWitch.

The function of determining an intensity of the light beam

118 that are located radially around the prism, and into the
photodetectors 120 on the opposite side of the ?lters 118. In
through each of several ?lters 118 mounted on a rotating
disk. The ?lters are rotated around a stationary prism and

The optical monitoring system 10, 10' includes various
functions. The function of sWitching a light beam With an
absorption spectrum from the specimen to one or more

through one of several ?lters 118 and into a photodetector

directed through a rotating prism, through stationary ?lters

118 for a pre-selected candidate or constituent. In this

embodiment, for example, if light is sWitched rapidly
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The function of determining if the constituent represented
by the molecular ?lter is contained in the specimen is
implemented, in one embodiment, by the poWer sensor 314
in communication With the at least one photodetector 120. In

US 7,251,032 B2
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4. The optical monitoring system of claim 1 wherein said
optical switch is a rotary optical switch, said rotary optical

various embodiments, the function of the power sensor 314

is implemented by hardware, software, or both, operating

together.

switch having a rotating prism for redirecting said light

From the foregoing description, it will be recognized by

beam from an axis of rotation to said ?rst and second ?lters

positioned radially around said rotating prism.

those skilled in the art that an optical monitoring system 10,

10' has been provided. The optical monitoring system 10', in

5. The optical monitoring system of claim 1 further

one embodiment, passes a light beam 302 from a light
source 102 through a specimen 104 and into a switching

including a third ?lter selected from a group including a

assembly 312. The switching assembly 312, 312' includes

single Bragg grating, a cascaded Bragg grating, and a thin
?lm ?lter, said third ?lter in optical communication with said

means for directing a light beam through multiple ?lters 118

optical switch.

and into one or more photodetectors 120. When the ?lters

6. The optical monitoring system of claim 5 further
including a third photodetector in optical communication

118 are molecular ?lters having an absorption spectrum
corresponding to a compound or material of interest, the

with an output of said third ?lter.

presence of that compound or material can be determined.

7. An optical monitoring system for determining at least

While the present invention has been illustrated by
description of several embodiments and while the illustra

one constituent of a specimen, said apparatus comprising:
a ?rst optical switch receiving a light beam with an

absorption spectrum from the specimen and having a

tive embodiments have been described in considerable
detail, it is not the intention of the applicant to restrict or in
any way limit the scope of the appended claims to such

detail. Additional advantages and modi?cations will readily

plurality of outputs;
a ?rst ?lter in optical communication with a ?rst one of
20

aspects is therefore not limited to the speci?c details, rep

resentative apparatus and methods, and illustrative examples
shown and described. Accordingly, departures may be made
from such details without departing from the spirit or scope

25

one of said plurality of outputs of said optical switch,
said second ?lter having a second ?lter output, said
second ?lter being a neutral density ?lter having a
second ?lter transmittance equal to said ?rst ?lter

30

a second optical switch having a plurality of inputs and an
output, said second optical switch in optical commu
nication with said ?rst ?lter output and said second
?lter output; and
a photodetector in optical communication with said out

35

put of said second optical switch, said second optical

of applicant’s general inventive concept.
We claim:

1. An optical monitoring system for determining at least
one constituent of a specimen, said apparatus comprising:
an optical switch receiving a light beam with an absorp

transmittance;

tion spectrum from the specimen and having a plurality
of outputs;
a ?rst ?lter in optical communication with a ?rst one of

said plurality of outputs of said optical switch, said ?rst
?lter having a ?rst ?lter output, said ?rst ?lter being a
molecular ?lter representing a ?rst constituent and
having a ?rst ?lter transmittance;
a ?rst photodetector in optical communication with said

?rst ?lter output, said ?rst photodetector responsive to

said plurality of outputs of said optical switch, said ?rst
?lter having a ?rst ?lter output, said ?rst ?lter being a
molecular ?lter representing a ?rst constituent and
having a ?rst ?lter transmittance;
a second ?lter in optical communication with a second

appear to those skilled in the art. The invention in its broader

switch adapted to operate in tandem with said ?rst
optical switch such that said photodetector is respon
sive to said light beam.
8. The optical monitoring system of claim 7 further
40

including a light source directed at the specimen and pro

said light beam when switched to said ?rst ?lter and
having a ?rst photodetector output indicating a ?rst

ducing said light beam.

?lter intensity of said light beam,

including a light source directed at the specimen and pro

9. The optical monitoring system of claim 7 further

a second ?lter in optical communication with a second

one of said plurality of outputs of said optical switch,
said second ?lter having a second ?lter output, said
second ?lter being a neutral density ?lter having a
second ?lter transmittance equal to said ?rst ?lter

ducing said light beam, said light source being a broadband
45

light source.

10. The optical monitoring system of claim 7 further
including a power sensor in communication with an output

of said photodetector.
11. The optical monitoring system of claim 7 further

transmittance;
a second photodetector in optical communication with
said second ?lter output, said second photodetector
responsive to said light beam when switched to said
second ?lter and having a second photodetector output
indicating a reference intensity of said light beam; and

50

a power sensor in communication with said ?rst photo

55

including a power sensor in communication with an output
of said photodetector, said power sensor responsive to an

intensity of said light beam.
12. The optical monitoring system of claim 7 wherein said
?rst optical switch is a rotary optical switch, said rotary
optical switch having a rotating prism for redirecting said

detector output and said second photodetector output,

light beam from an axis of rotation to said ?rst and second

said power sensor responsive to an intensity of said

?lters positioned radially around said rotating prism.

light beam whereby said ?rst ?lter intensity is com
pared to said reference intensity to determine if the
specimen contains said constituent.
2. The optical monitoring system of claim 1 further
including a light source directed at the specimen and pro

13. The optical monitoring system of claim 7 further
including a third ?lter selected from a group including a
60

single Bragg grating, a cascaded Bragg grating, and a thin
?lm ?lter, said third ?lter in optical communication with said
?rst and second optical switches.
14. An optical monitoring system for determining at least
one constituent of a specimen, said apparatus comprising:

65

a ?rst optical switch receiving a light beam with an

ducing said light beam.
3. The optical monitoring system of claim 1 further
including a light source directed at the specimen and pro

ducing said light beam, said light source being a broadband

absorption spectrum from the specimen and having a

light source.

plurality of outputs;
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at least one ?lter in optical communication With at least

a ?rst ?lter in optical communication With a ?rst one of

one of said plurality of outputs of said optical switch,

said plurality of outputs of said optical sWitch, said ?rst

said at least one ?lter having an output,

?lter having a ?rst ?lter output, said ?rst ?lter being a
molecular ?lter representing a ?rst constituent and
having a ?rst ?lter transmittance;
a ?rst photodetector in optical communication With said

a second optical sWitch having a plurality of inputs and an
output, said second optical sWitch in optical commu
nication With said at least one ?lter; and
a photodetector in optical communication With said out

?rst ?lter output, said ?rst photodetector responsive to

put of said second optical sWitch, said second optical

said light beam When sWitched to said ?rst ?lter and
having a ?rst photodetector output indicating a ?rst

sWitch adapted to operate in tandem With said ?rst
optical sWitch such that said photodetector is respon
sive to said light beam.
15. The optical monitoring system of claim 14 Wherein

?lter intensity of said light beam; and
a poWer sensor in communication With said ?rst photo

detector output.
26. The optical monitoring system of claim 25 further

said at least one ?lter includes a molecular ?lter representing
a ?rst constituent and having a molecular ?lter transmit
tance.

5

16. The optical monitoring system of claim 14 Wherein

a second ?lter in optical communication With a second

said at least one ?lter includes a neutral density ?lter having
a neutral density ?lter transmittance.

17. The optical monitoring system of claim 14 Wherein
said at least one ?lter includes a molecular ?lter representing
a ?rst constituent and having a molecular ?lter transmit
tance, said at least one ?lter also includes a neutral density

20

?lter having a neutral density ?lter transmittance.
18. The optical monitoring system of claim 14 further
including a poWer sensor in communication With an output
of said photodetector, said at least one ?lter including a
molecular ?lter representing a ?rst constituent and having a
molecular ?lter transmittance, said at least one ?lter also

25

intensity of said light beam sWitched through said molecular
?lter and said neutral density ?lter Whereby an intensity of
said light beam passed through said molecular ?lter is
compared to an intensity of said light beam passed through
said neutral density ?lter.
19. The optical monitoring system of claim 14 further

todetector output Whereby said ?rst ?lter intensity is
30

27. The optical monitoring system of claim 25 further

ducing said light beam.
35

ducing said light beam, said light source being a broadband
light source.
40

intensity of said light beam.
21. The optical monitoring system of claim 14 further

light beam from an axis of rotation to said ?rst and second
45

single Bragg grating, a cascaded Bragg grating, and a thin
?lm ?lter, said third ?lter in optical communication With said

including a light source directed at the specimen and pro

ducing said light beam, said light source being a broadband

optical sWitch.

light source.
50

31. An optical monitoring system for determining at least
one constituent of a specimen, said apparatus comprising:

optical sWitch having a rotating prism for redirecting said

at least one molecular ?lter representing a ?rst constitu

light beam from an axis of rotation to said ?rst and second

ent;

?lters positioned radially around said rotating prism.
55

said at least one ?lter includes a ?lter selected from a group

including a molecular ?lter, a neutral density ?lter, a single
Bragg grating, a cascaded Bragg grating, and a thin ?lm
?lter.
25. An optical monitoring system for determining at least
one constituent of a specimen, said apparatus comprising:
an optical sWitch receiving a light beam With an absorp
tion spectrum from the specimen and having a plurality
of outputs;

30. The optical monitoring system of claim 25 further
including a third ?lter selected from a group including a

22. The optical monitoring system of claim 14 further

24. The optical monitoring system of claim 14 Wherein

29. The optical monitoring system of claim 25 Wherein
said optical sWitch is a rotary optical sWitch, said rotary
optical sWitch having a rotating prism for redirecting said

?lters positioned radially around said rotating prism.

including a light source directed at the specimen and pro

23. The optical monitoring system of claim 14 Wherein
said ?rst optical sWitch is a rotary optical sWitch, said rotary

28. The optical monitoring system of claim 25 further
including a light source directed at the specimen and pro

including a poWer sensor in communication With an output

ducing said light beam.

compared to said reference intensity to determine if the
specimen contains said constituent.
including a light source directed at the specimen and pro

of said photodetector.
20. The optical monitoring system of claim 14 further
including a poWer sensor in communication With an output
of said photodetector, said poWer sensor responsive to an

one of said plurality of outputs of said optical sWitch,
said second ?lter having a second ?lter output, said
second ?lter being a neutral density ?lter having a
second ?lter transmittance equal to said ?rst ?lter
transmittance; and
a second photodetector in optical communication With
said second ?lter output, said second photodetector
responsive to said light beam When sWitched to said
second ?lter and having a second photodetector output
indicating a reference intensity of said light beam, said
poWer sensor in communication With said second pho

including a neutral density ?lter having a neutral density
?lter transmittance, said poWer sensor responsive to an

including:

a means for sWitching a light beam With an absorption
spectrum from the specimen to said at least one

molecular ?lter; and
a means for determining an intensity of said light beam
passing through said at least one molecular ?lter.
60

32. The optical monitoring system of claim 31 further
including means for determining if said constituent is con

tained in the specimen.

